Food-borne pathogen persistence in soil fundamentally affects the production of safe vegetables and small fruits. Interventions that reduce pathogen survival in soil would have positive impacts on food safety by minimizing preharvest contamination entering the food chain. Laboratory-controlled studies determined the effects of soil pH, moisture content, and soil organic matter (SOM) on the survivability of this pathogen through the creation of single-parameter gradients. Longitudinal field-based studies were conducted in Ohio to quantify the extent to which field soils suppressed Escherichia coli O157:H7 survival. In all experiments, heat-sensitive microorganisms were responsible for the suppression of E. coli O157 in soil regardless of the chemical composition of the soil. In laboratory-based studies, soil pH and moisture content were primary drivers of E. coli O157 survival, with increases in pH after 48 h (P ‫؍‬ 0.02) and decreases in moisture content after 48 h (P ‫؍‬ 0.007) significantly increasing the log reduction of E. coli O157 numbers. In field-based experiments, E. coli O157 counts from both heated and unheated samples were sensitive to both season (P ‫؍‬ 0.004 for heated samples and P ‫؍‬ 0.001 for unheated samples) and region (P ‫؍‬ 0.002 for heated samples and P ‫؍‬ 0.001 for unheated samples). SOM was observed to be a more significant driver of pathogen suppression than the other two factors after 48 h at both planting and harvest (P ‫؍‬ 0.002 at planting and P ‫؍‬ 0.058 at harvest). This research reinforces the need for both laboratory-controlled experiments and longitudinal field-based experiments to unravel the complex relationships controlling the survival of introduced organisms in soil.
F
resh vegetables are becoming associated with food-borne disease outbreaks more frequently than in past decades (1) (2) (3) . Soil, irrigation water, and contact with improperly composted manure/feces are all potential preharvest sources of food-borne pathogens. When in the soil, pathogens can contaminate fruits and vegetables via rain splash and direct contact with vegetable surfaces. When these pathogenic populations are present at harvest, their risk can be augmented through the processing and supply chain. Many fresh vegetables undergo only minimal processing before sale. The lack of an effective kill step results in potentially harmful organisms remaining on the product. Successful interventions that reduce pathogen survival in the soil would therefore have positive impacts on food safety by minimizing the contamination entering the processing phase.
Certain microbial populations have been shown to be detrimental to the survival of plant pathogens like the sugar beet cyst nematode Heterodera schachtii (4, 5) , the bare patch disease pathogen Rhizoctonia solani (6) , and the fungal pathogens that cause damping-off disease in tomatoes (7) . Few studies, however, have investigated the role of these microbial populations in reducing food-borne pathogens in production environments (8, 9) . If beneficial microorganisms were purposefully applied to soil where food is grown, the pathogens would be suppressed by biological control (biocontrol) measures. The effectiveness of biocontrol measures relies on abiotic factors of the soil, including pH, organic matter levels, and moisture content (10) . Not only will these factors have an effect on the biocontrol agents, but they can also have an effect on the pathogens themselves. Understanding how these abiotic factors drive the suppressiveness of certain soils is critical for understanding how to manage production soils to increase the natural suppressiveness of the soil on food-borne pathogen survival.
We hypothesize that soil microorganisms are largely responsible for the suppression of introduced Escherichia coli O157 but that the chemistry of the soils affects the activities of suppressive microbes against the pathogen. If true, monitoring of soil chemistry would provide a useful tool for refining risk assessment related to produce contamination. The objectives of this study were to (i) empirically determine the effects of pH, moisture content, and soil organic matter (SOM) on the survivability of our model food-borne pathogen, E. coli O157:H7, in the soil and (ii) to quantify the capacity of different field soils used to grow vegetables to suppress the proliferation of this important food-borne pathogen.
MATERIALS AND METHODS

Soils and chemical gradients used to assess the effects of soil chemistry.
Soil was collected from a research farm on the campus of the Ohio Agricultural Research and Development Center (OARDC; Wooster, OH). This soil was air dried on a greenhouse bench, passed through a 2-mm screen, and then stored in a heavy plastic bag in a cool, dry area of the laboratory for further use. (by loss on ignition); and cation exchange capacity (CEC), 10.6 meq/100 g soil. This soil was used as a base material to create three different soil series with gradients of five levels of a particular chemical parameter, i.e., pH, moisture content, or SOM, as described below. Soil for the pH and SOM assays was adjusted to a moisture content of 1/2 water-holding capacity (WHC; see below for details of the method), and soil for organic matter and moisture content assays was adjusted to 1 lime requirement (LR) prior to the creation of the gradient levels. Soil pH was adjusted using appropriate amounts of calcium carbonate (CaCO 3 ; Sigma) to obtain gradients equal to 0, 1/3, 2/3, 1, and 2 times the LR indicated by the STAR laboratory's standard soil analysis. Each pH level was run in triplicate. The soil was allowed to react for 2 weeks prior to conducting the suppression assay. Representative pH values were determined at the time of the suppression assay by measuring the pH of a 1:1 (wt:vol) aqueous slurry using a pH meter (sympHony SP70P; VWR International, Radnor, PA).
Gradients of SOM were established using soil (1/2 WHC and 1 LR) amended with mature compost from agricultural production waste. The five levels of added compost (0, 1.5, 3, 4.5, and 6% [wt:wt]) were established in triplicate and allowed to react for 2 weeks prior to initiation of the suppression assay. Representative SOM at each level was determined by submitting a portion of the amended soil to the STAR laboratory for analysis.
To establish gradients of moisture content, the WHC of the soil was determined by saturating 10 cm of soil in a filter-lined funnel with sterile water and allowing the soil to drain by gravity for 24 h. The soil was removed from the funnel, weighed, and then dried in a 42°C incubator for 2 days before weighing again. The difference in weight was set as 1 WHC. Five levels of moisture content as a function of the WHC (1/10, 1/4, 1/2, 3/4, and 1 WHC) were established in triplicate prior to initiation of the suppression assay.
Field soils used to assess effects of location and season. Twelve vegetable production fields located in three different regions of Ohio (central, n ϭ 5; north central, n ϭ 3; and northeast, n ϭ 4) (see Fig. S1 in the supplemental material) were recruited to participate in this study. For each sampling point, information, including sample location, date, previous crop, current crop, soil fertility treatments applied within 120 days prior, and herbicide/fungicide/pesticide treatments applied to the soil within 120 days prior, was obtained from the producer. Soil was collected within 1 week of planting and during harvest by taking 12 20-cm-deep cores from an area measuring 50 feet by 6 feet (typically 3 rows apart), set 25 feet in from the edges of the plot. Soil was collected into a 1-gallon plastic resealable zipper bag that was then placed in a cooler at ambient temperature (out of direct sunlight) for transport back to the laboratory. In the laboratory, soil samples were manually homogenized in the bag to break apart the cores and thoroughly mix the samples. The soil was used to perform the suppression assays and to determine the soil pH, SOM, and moisture content.
Suppression assay. Suppression assays were performed on the soils from both the laboratory-based chemical gradient experiment and the field-based experiment using a green fluorescent protein-marked E. coli isolate following the method of Westphal et al. (8) , with a few modifications. Briefly, two portions of soil were added to each of two sterile 100-ml beakers up to the 70-ml mark. One beaker from each pair was pasteurized (heat treated) at 80°C for 30 min, while the other remained at room temperature (unheated). Both beakers were then moved to a darkened hood, and the heat-treated sample was allowed to cool overnight. All inoculations were performed using a bovine E. coli O157:H7 isolate containing a plasmid with a green fluorescent protein marker previously shown to be stably maintained for 9 days (11). To prepare the inoculum, an overnight liquid culture (in 30 ml LB amended with 100 g/ml ampicillin [LB Ap100 ]) was centrifuged (4,620 ϫ g for 10 min at 4°C) to remove the spent medium and the resulting pellet was resuspended in an equal volume (30 ml) of sterile 1ϫ phosphate-buffered saline (PBS). Each soil sample (heat treated and unheated) was inoculated with 3.5 ml of suspension and mixed thoroughly with a sterile wooden stick. Inoculated beakers were incubated at room temperature in a biosafety cabinet for 48 h, with aliquots taken at 24 h and 48 h. To determine the bacterial concentration of the inoculum, 10-fold serial dilutions were performed in 1ϫ PBS, and 100-l amounts of the 10 Ϫ6 and 10 Ϫ7 dilutions were spread plated on LB Ap100 and incubated overnight at 37°C.
Soil was removed from each sample at each time point to enumerate the surviving E. coli cells. Enumeration was performed by transferring 5 g of soil into a 50-ml conical tube with 25 ml of sterile 1ϫ PBS. The bacteria were dislodged from the soil particles by vortexing at full speed 4 times for 15 s, sonicating (single speed, Aquasonic 75HT; VWR International) once for 30 s, and then vortexing again for 15 s. The bacterial suspension was serially diluted 5-fold for six dilutions. Using a modified track dilution technique (12), 10-l amounts of dilutions 4 through 6 were plated on LB agar amended with 100 g/ml ampicillin and 50 g/ml cycloheximide (LB Ap100Ch50 ) in duplicate using a multichannel pipet and incubated at 37°C overnight. Fluorescent E. coli O157 colonies were counted over UV illumination and recorded.
Statistical analysis. All experiments were set up in completely randomized designs. In the gradient-based studies, three independent replicate experiments were conducted for each chemical parameter tested. For all samples in the gradient-based or field-based experiments, bacterial plate counts from the heat-treated and untreated samples for each collection point were converted into CFU per 5 g soil (i.e., the amount of the soil aliquots taken at the 24-and 48-h time points). Log reductions were calculated for each sample at each time point by subtracting the log 10 -transformed CFU counts from the unheated sample (log Ucount ) from the log 10 -transformed CFU counts from the heat-treated sample (log Hcount ). The log reduction values give the degree of suppression related to the background microbiota, normalizing for the involvement of the chemical parameter alone.
All statistical tests were performed using Minitab statistical software (version 16; Minitab, Inc., State College, PA). Analyses of variance (ANOVA) for individual gradient parameters were performed using the general linear model on the mean log Hcount , log Ucount , and log reduction values for each time point (␣ ϭ 0.1). For the chemical gradient data, level and replicate were fixed variables in the model, with replicate also as a random variable. Pairwise separations using the Tukey method (90% confidence) were used for pairs of treatment means for each time point. For the farm-based data, season (planting or harvest) and region within season were fixed variables in the model. Tukey pairwise comparisons (90% confidence) were applied to pairs of treatment means for each time point within the season and region variables.
General regression analysis of the log reduction values from the individual gradients was performed to evaluate the actual levels of each chemical parameter as an indicator of E. coli O157:H7 survival. Graphical representations of the regression analysis for each chemical factor were constructed, using the fitted line option with both 90% confidence intervals and 90% predictive intervals. Best-subset and stepwise regression of the log reduction values from the farm-based data were performed to evaluate the role of the chemical parameters individually and in combination as drivers for E. coli O157:H7 survival (␣ ϭ 0.1).
RESULTS
Effect of pH on the survival of E. coli O157. Calcium carbonate was added to the base soil to create a chemical gradient with five levels according to the lime requirements (LR) calculated from the lime test index value. Five pH levels were created, corresponding to 0 LR (pH 5.1), 1/3 LR (pH 6.2), 2/3 LR (pH 7.1), 1 LR (pH 7.4), Soil Conditions Affect E. coli Survival and 2 LR (pH 7.5). Heat-treated and unheated soil samples at each gradient level were subjected to E. coli O157:H7 inoculation to determine the suppression resulting from the biotic and abiotic factors. In the laboratory-controlled studies, we found that pH ( Fig. 1) had the greatest influence on the survival of E. coli O157 only when the background microorganisms were removed (heattreated samples). Suppression in these samples was greatest (i.e., E. coli numbers were lowest) in samples with the lowest soil pH, rivaling the suppression in samples with the microbial background present. In the presence of the microbial background (unheated samples), no difference in E. coli survival was observed between the different levels of pH at 24 h, but a significant relationship was observed after 48 h (P ϭ 0.02) (Fig. 1) . At both the 24-and 48-h time points, pH had a significant relationship (P ϭ 0.005 and P ϭ 0.001, respectively) with the log reduction of E. coli O157, explaining nearly 50% of the variation seen ( Table 1 ). The linear association of the pH with the relative suppression was modeled by the following equations: (i) E. coli O157 log reduction after 24 h ϭ Ϫ0.4 ϩ 0.1 soil pH and (ii) E. coli O157 log reduction after 48 h ϭ Ϫ0.6 ϩ 0.2 soil pH (Fig. 2) .
Effect of soil moisture on the survival of E. coli O157. After determination of water saturation capacity (1 WHC), five levels of moisture as a function of water holding capacity (WHC) were created, corresponding to 1/10, 1/4, 1/2, 3/4, and 1 WHC. These five moisture levels resulted in soil moisture content of 4.1, 10.2, 20.5, 30.8, and 41.1%, respectively, on a gravimetric basis. As for the pH gradient, heat-treated and unheated soil samples at each gradient level were subjected to E. coli O157:H7 inoculation to determine the resultant suppression due to the microbial background and moisture content of the soil. As seen with pH, moisture content (Fig. 3 ) also had the greatest influence on the survival of E. coli O157 when the background microorganisms were removed (P ϭ 0.003 at 24 h and P ϭ 0.001 at 48 h) or after 48 h in the presence of background microorganisms (P ϭ 0.03). Soil moisture had a significant association with the log reduction of E. coli O157 at 24 h (P ϭ 0.04), explaining about 24% of the variation seen (Table 1 ) with a regression equation of E. coli O157 log reduction at 24 h ϭ 0.4 Ϫ 0.01 soil moisture (Fig. 4) . At 48 h, the significant association between soil moisture and log reduction drops to explaining 18% of the variation (P ϭ 0.06) with a regression equation of E. coli log reduction O157 at 48 h ϭ 0.8 Ϫ 0.01 soil moisture (Fig. 4) ; however, an important term may be missing from the model, as indicated by the significant lack of fit (P ϭ 0.01) ( Table 1) .
Effect of soil organic matter levels on the survival of E. coli O157. Mature compost composed of plant-based agricultural wastes was added to the base soil at rates of 0, 1.5, 3, 4.5 and 6% (wt:wt) to result in five levels of soil organic matter equal to 3.5, 3.9, 4.0, 5.0, and 5.0% LOI. Once again, heat-treated and unheated soil samples at each gradient level were subjected to E. coli O157:H7 inoculation to determine the resultant suppression due to the biotic and organic matter levels of the soil. Changing the organic matter levels of the soil within the range tested had no effect on the survival of E. coli O157:H7 when the microbial background was present or removed by pasteurization at either time point (P Ͼ 0.1) (see Fig. S2 in the supplemental material). After 48 h, suppression of E. coli by the background microbiota was more obvious, as indicated by the greater separation between the results for the heat-treated samples and the unheated samples. At both 24 and 48 h in the laboratory-controlled study, SOM did not have significant associations with the relative suppression of E. coli O157:H7 (see Fig. S3 ). Suppression related to field location and season. To assess the role of various abiotic factors in determining soil suppressive capacities in the field, composite soil cores were taken from specialty crop production fields from three different regions of northern Ohio (central, n ϭ 5; north central, n ϭ 3; and northeast, n ϭ 4) (see Fig. S1 in the supplemental material) at spring planting (n ϭ 12) and during harvest (n ϭ 12). Levels of pH, moisture content, and SOM were determined for each sample. As for the laboratorycontrolled studies, heat-treated and unheated soil samples from each location and time combination were subjected to E. coli O157:H7 inoculation to determine the suppression resulting from the biotic and abiotic factors. For these field-level studies, E. coli O157 counts from heated samples after both 24 and 48 h were sensitive to region (P ϭ 0.001 and P ϭ 0.002, respectively) and season (P ϭ 0.002 and P ϭ 0.004), implying that the survival of the pathogen was associated with both the region from which the soil was collected and the season when it was collected. Counts of E. coli O157 from unheated samples after both 24 h and 48 h were also sensitive to both season (P ϭ 0.001) and region (P ϭ 0.001), indicating that the survival of the inoculum depends on both the region from which the sample was taken and when it was taken. Reduction of the microbiota through heat treatment reduced the suppressive capacity of the soil samples from all regions during planting and in the central and north-central regions at harvest (Fig. 3) . In soil sampled from the northeast region, suppression was apparent during planting; however, this suppression disappeared at harvest. Normalizing the E. coli counts for the suppressive effect related to the chemical parameters alone, soil samples from fields in the central region of Ohio showed the highest relative suppression compared to that in soil samples from fields in the northeast or north-central regions. Additionally, after 48 h, E. coli survival appeared to be lower at harvest than at planting in soil samples from all the regions analyzed ( Fig. 5 and Table 2 ).
Soil pH, moisture content, and levels of organic matter of the samples collected from the 12 different fields varied across location and season (Table 2 ). To better understand the role that these three abiotic factors had in the survival of E. coli O157:H7, bestsubset and stepwise regression analyses were performed. Unlike in the laboratory-based experiment, in the field-level experiment, pH was not a significant driver for E. coli O157:H7 survival alone or in combination with the other parameters. In addition, stepwise regression for the planting and harvest experiments found no model at either time point, indicating that single factors alone were not significant (P Ͼ 0.1). There was a significant correlation between SOM and soil moisture levels (P ϭ 0.001). Using stepwise regression forced through SOM, at the 48-h time point for the planting sampling period, SOM (P ϭ 0.002) and moisture content (P ϭ 0.003) in combination were significant predictors of E. coli survival (R 2 ϭ 68%), but no two-predictor model was found for the 24-h time period as neither single-predictor model at 24 h (SOM or moisture content) was significant (P ϭ 0.69 and P ϭ 0.88, respectively). At harvest, when the two-predictor model was forced through with the moisture content, SOM was found to play a significant role in predicting E. coli survival at 48 h (P ϭ 0.06 and R 2 ϭ 35%) in models with moisture content.
DISCUSSION
This study demonstrated that microorganisms are responsible for the suppression of E. coli O157:H7 in soil (regardless of the chemical nature of the soil) and that E. coli O157:H7 survival can be altered by the chemical nature of the soil. These results extend our previous results (8) by demonstrating that substrates exposed to E. coli O157 will limit the pathogen's survival primarily through the activities of endogenous microorganisms, which are themselves constrained in complex ways by certain abiotic factors, notably pH, SOM, and moisture content. The results of this study indicate that the suppressive capacity of the soil was established by the presence of soil microbial populations; however, they do not demonstrate that any of these chemical factors modified the suppressive activity of these microbes across the levels tested. The nearly uniform bacterial counts in unheated samples at the tested levels of the chemical parameters indicate that, in the controlled laboratory environment, increasing levels of the tested abiotic factors do not interfere with the suppressive capacity of the native soil organisms. Interestingly, the significance of the role played by each chemical parameter in the laboratory-based study did not trans- late to the field-based studies where the interactions of the parameters could be observed. This indicates that field-based assays will be essential for predicting which environmental variables reduce the risk of E. coli contamination of vegetable crops. The heating of soil samples was to effectively lower endogenous microbial loads in the samples, thereby reducing the numbers of microorganisms in the soil that could affect the survival of the introduced E. coli O157 ( Fig. 1 and 3 ; see also Fig. S2 in the supplemental material) . Such values allowed us to assess the effect of the abiotic factor alone on the survival of E. coli O157:H7. In this study, we chose to focus on log reduction of E. coli O157, a value giving the degree of suppression related to the background soil microbiota normalized for the involvement of the chemical parameter alone (Tables 1 and 2) , to determine the capacity of a variable to limit pathogen survival, because it does not take into consideration the inoculum concentration. It is well established that inoculum levels affect the risk of contamination (13) (14) (15) (16) ). However, because the level of inoculum is rarely known a priori, it will be critical to define measures that can be used in practical models to robustly estimate risk. In this study, the log reductions for SOM and soil moisture were highly correlated (P ϭ 0.001 at both 24 and 48 h) to the raw log reduction value, which also takes into consideration the inoculum concentration (data not shown).
Enteric bacteria, such as E. coli O157:H7, possess various mechanisms to allow them to survive at acidic pH due to their requirement to survive the acidic conditions of the intestinal tract (17, 18) . As a result of these mechanisms, one might expect that pH would have minimal effects on E. coli O157:H7 survival. However, in the environment, pH extremes in either direction are unfavorable to the survival of enteric bacteria (19, 20) . We observed that in the controlled laboratory environment, when the background soil bacteria were removed, the survival of E. coli diminished with decreasing pH, with a significant decrease in numbers of E. coli O157 cells as the pH dropped from around 7.0 to pH 5.1. The survival of bacteria at pH 5.1 in heated soil rivaled the E. coli suppression at all levels when the soil microbiota was left intact. In the unpasteurized soil samples, an effect related to the soil pH might have been observed if the incubation period had been prolonged more than our 2-day period (20) ; however, the 2-day experimental period was established to mimic the suppressive nature of the soil in situ. We found that soil pH was a significant driver for relative E. coli suppression during the 2-day observation period. As the pH increased or became less acidic, we observed greater log reductions resulting from increased survival of the native soil microbiota. When soil pH varied with other abiotic parameters, as encountered in the field-based study, it was no longer a significant driver of bacterial survival.
Another major determining factor for enteric bacterial survival in soil might be the soil moisture content, Previously, greater pathogen survival was associated with moist soil and increased rainfall (21) . In this study, we found that, after 24 h, increased moisture content levels of the soil decreased the survival of E. coli O157:H7 when the microbial background was removed through heat treatment. The highest level of moisture we tested equaled 1 water holding capacity, or 41.1% moisture on a gravimetric basis. This high level of moisture may have necessitated the metabolic shift to anaerobic processes as a result of the environment becoming anoxic (18) . After 48 h, likely as a result of evaporative drying of the soil, the populations of E. coli O157 either rebounded or were able to grow under our aerobic culture conditions. In the animal host, E. coli O157:H7 survives in a nutrient-rich environment, yet when deposited into soil, a nutrient-deficient environment, these bacteria must change their metabolic requirements in order to survive with those organisms that are more readily adaptable, being more able to survive in the soil environment (22) . In fact, E. coli shows a great deal of flexibility in its catabolic functions (23) . Some studies have observed a lag phase following bacterial inoculation of soil prior to die-off and have attributed the lag to the modulation of metabolic needs (19, 24) . As our study only characterized the initial suppression, we may be observing a lag period in which the added organic compost does not influence the die-off of E. coli specifically related to the organic matter levels. If our experiments had continued past the 2-day mark, an effect with changing organic matter levels might have been detected. If the two experiments are compared to each other, the levels of SOM were higher for the laboratory-based study than for the field-based study (3.5 to 5.0, median of 4.0, versus 1.6 to 4.5, median of 2.5). The levels of SOM tested in the laboratorybased study may have been above the threshold to observe suppression related to this abiotic factor.
Another possible reason why we did not observe measurable effects of SOM on the survival of E. coli O157 in the laboratorybased experiment is related to the source of the organic matter amendment. The quality of the organic matter is known to be important for microbial suppression of plant pathogens (25) , so it is also likely to be important to the survival of E. coli O157:H7. This may be another explanation for the differences observed between the gradient-based laboratory study, where there was no significant suppression resulting from a change in SOM level, and the field-based study, where SOM was the most important chemical parameter driving the survival of this pathogen. Composts are a common source for added organic matter in production systems. The source of the composts, whether they are high in lignocellulosic material or not, determines the diversity of the natural colonizers of the compost and biocontrol agents of plant pathogens, such as Trichoderma spp. or Penicillium and Aspergillus spp., respectively (10) . It is well established that the suppressiveness of compost to plant pathogens is not consistent (26) , so that might have been the reason for the lack of consistent suppression of our food-borne pathogen as well.
Many modeling approaches have been developed to model enteric bacterial die-off in the environment, which usually only take into account the number of bacteria present, the time period, and a die-off rate constant (19) . Some models have been developed in which the rate constant has been modified to correct for such abiotic factors as temperature, soil pH, and soil moisture (19, 27) . We developed a statistical model of soil suppressiveness to E. coli O157 based on soil chemical parameters to determine the effect of each parameter on E. coli O157 survival. An essential interaction between SOM and moisture levels was observed in the field-based experiment that was not identified in the laboratory-controlled trial, as those levels did not change for the related gradient (e.g., single moisture level for the SOM gradient). Regression analysis of the results of the field-based study indicated that, of the three factors tested, SOM was the most important chemical parameter for determining suppressive potential in field-based situations and that there is an essential interaction with soil moisture content. Increasing moisture levels would allow soluble nutrients to be more readily available. These results support the need for laboratory-controlled experiments to be extended to field-based ex-periments for complete understanding of the complex abiotic and edaphic relationships controlling the survival of introduced organisms.
Soil-related microorganisms are known to contribute to the suppressive nature of soil toward pathogens by direct competition for nutrients, antibiosis through the production of chemicals such as antibiotics, and direct killing through predation (10). Our next step will be to identify, by means of 16S gene amplicon sequencing, which members of the soil microbial community contributed to the observed suppression in order to characterize the nature of the interaction.
